One of the fundamental characteristics of any metal is the extent to which it loses electrons to form charged species in different formal oxidation states. This ionization can occur in the gas phase to form short-lived species in a wide range of oxidation states, but the number of oxidation states available in solution in molecular metal complexes for productive chemistry is smaller. Chemists have tested the limits of oxidation states of all the elements for over 100 years and the boundaries of oxidation states accessible in solution are well established.
Nevertheless, it was recently discovered that the +2 oxidation state is accessible in soluble molecular complexes for all the elements in the lanthanide series except promethium, eqn (1).
1
Previously, it was thought that only the traditional six Ln 2+ ions of Eu, Yb, Sm, Tm, Dy, and Nd were obtainable in solution on the basis of calculated reduction potentials 2 and solid state chemistry.
3
Extension of this reductive chemistry to uranium was not initially tried since it is well known that the redox chemistry of uranium, which includes multiple oxidation states, +3, +4, +5, and +6, is quite different from that of the rare earths. Although it was likely that uranium would be different, an analogous synthesis was eventually attempted and the rst fully charac- 
The structures of the anions in 2 and 3 are very similar to the structure of Cp 00 3 Th. All three structures have a trigonal planar arrangement of the three Cp 00 rings around thorium with a sum of (ring centroid)-Th-(ring centroid) angles of 360 . The structure of 2, however, is not isomorphous with the lanthanum complex of the same formula, [K(2. 3 Th], 2. Thermal ellipsoids are drawn at the 50% probability level and hydrogen atoms are omitted for clarity. Time-dependent density functional theory was used to simulate the UV-Vis spectra for the (Cp The maxima in the calculated spectra are lower in energy than those observed experimentally, but this is oen the case with such calculations. 18 Analysis of the calculated low energy peak shows that it arises from metal-to-metal transitions that have d / f and d / p character. The high energy peaks arise from metal-to-ligand charge transfer transitions similar to those found in the spectral analysis of (Cp 
4
The rate of decomposition of [K(18-crown-6) 
3 Th], 3, at room temperature was studied by 1 H NMR spectroscopy since monitoring by UV-Vis spectroscopy is complicated by the formation of highly colored Cp 00 3 Th, as identied by X-ray crystallography.
7k The rate of decomposition of 3 is much slower
3 U], which has a half-life of 1.5 h in THF at room temperature. 4 Complex 3 decomposed only 8% aer 8 days at 298 K and a sample kept in the dark showed even less decomposition. This suggests that the formally Th 2+ species are signicantly more stable than the other newly discovered +2 ions. evidence that the oxidation state diversity for the f elements is still increasing. Stabilization of higher-lying d orbitals by the ligand eld appears to be a key factor in isolating these new ions and provides a new option in expanding the oxidation state chemistry of these elements. This approach should be pursued further as attempts are made to synthesize soluble molecular complexes of +1 ions of these metals.
